Brown leaf spot resistance in twelve rice genotypes viz IRRON M2 201, IRRON M2 202, IRRON M2 203, IRRON M2 204, IRRON M2 205, IRRON M2 302, IRRON M2 303, IRRON M2 304, IRRON M2 401, IRRON M2 402 and IRRON M2 501 were tested that the genotypes were showing 5. 10 -20.16, 6.15-30.31 and 9.30-38.71 per cent disease severity at vegetative, panicle initiation and milk dough stages of plant growth, respectively which has also indicated that stages of plant growth also give variable response to disease. The mechanism of resistance revealed that the higher amount of total phenol and soluble protein in rice leaves resulted lower disease incidence. The rice genotype IRRON M2 205 is having maximum amount of soluble protein, representing 22.46, 21.94 and 21.27mg/gm and total phenol of 1.79, 1.68 and 1.61mg/gm of fresh leave at vegetative, panicle initiation and milk dough stage, respectively. Correlation between total phenol and soluble protein with disease severity at different growth stages shows that there was a negative correlation in all the rice genotypes. The rice genotype namely IRRON M2 205 was showing correlation value (r) -0.3310, -0.3415 and -0.3510 at vegetative stage, panicle initiation stage and milk dough stage, respectively. Banding pattern of protein resolving in SDS-PAGE showed that the maximum number of protein bands (13) was found in genotype IRRON M2 205. The protein banding patterns might be the responsible factors for resistance in rice against brown leaf spot pathogen.
Introduction
Rice (Oryza sativa L.) is the food of millions of people since down of civilization, especially in Asia and the West Indies. It is cultivated in 114 countries and ranks third-highest in term of production in the world after maize (corn) and wheat FAO, 2010) . In India, rice is grown under diverse agro ecological conditions ranging from puddle wet soils of the deltas to arid soil of Rajasthan in west and from the coastal areas at the mean sea level to the hilly tracts of about 2200 m high in north. The country produced 141.2 million tones of rice from 44.26 million hectares of land in 2010. The annual productivity of rice in India is 2240 kg/ha and in Uttar Pradesh 2119 kg/ha. It ranks second in term of production in the world being next to China (FAO, 2010) . During 1950-51, the country produced 30 million tonnes of rice out of 50.8 million tonnes of total food grain and in 2010-11 the total food grain production reached 244.4 million tonnes from 125.3 m ha of land and rice alone produced 95.20 million tonnes from 44.24 m ha of land. It is grown on about one-fourth of the total crop area and provides food to about half of the country's population. In India, the slogan "Rice is Life" is most appropriate as this crop plays a vital role in our national food security. Because of wide adoptability of the crop growing in different parts of the country and different seasons of the year, several disease have been found to occur resulting causes extensive damage to the crop. Fungi alone account for nearly 30 diseases of rice in the country (Rangaswami & Mahadeven, 1999) . Among these, a few occur in epiphytotic form in many parts of India and one of the important disease is brown leaf spot of paddy caused by Drechslera oryzae Subramanian and Jain (Heliminthosporium oryzae Breda de Hann) which caused havoc loss in Bengal during 1942-43.
The pieces were then transferred with the help of sterilized forceps into Petri plates, which are previously poured with sterilized 2% potato dextrose agar medium. The Petri plates used for isolation were also previously sterilized at 160 ± 1 °C for 2 hrs. in hot air oven. Two leaf bits were put in every Petri plate at equal distance and these were kept in B.O.D incubator at 25 ± 1 °C for incubations of pathogen. As soon as the mycelia growth was visible around the pieces, the hyphal tips from the advancing mycelium were transferred aseptically into the sterilized culture tube containing 2% PDA medium.
The culture was purified by single spore method and growth on PDA slants incubated for a week at 250C. On appearance of the colony, the slants were examined under compound microscope and identification of pathogen was established by comparing with authentic description as given by Ellis (1971 ), Breda de Hann, (1990 .
Pure culture of D. oryzae was multiplied in sterilized Petri plates containing PDA. The inoculation plates were kept for 7 days in an incubator at 25 ± 1 °C. The culture was revived from time to time and stored at 5 °C in a refrigerator.
Field Trails
The field trial was conducted at Agriculture Research Farm of C.S. Azad University of Technology, Kanpur, India to evaluate the variability among different rice genotypes in response to disease severity of brown spot. The time of sowing of all varieties was on 15 th June 2011. Recommended agronomical practices were followed. The plot size was 3 x 5 m and row to row and plant to plant distance was 30 x 15 m. The Randomized Block Design was used to conduct the experiment. The observation on disease severity was measured at vegetative, panicle initiation and milk dough stages of plant growth. The leaf samples from different rice genotypes were also collected separately at vegetative, panicle initiation and milk dough stages of plant growth for estimation of total soluble protein and total phenol content.
Measurement of Disease Severity
Disease severity was recorded at three stages of plant growth on the basis of formation of brown spots. Fifty leaves of paddy plants were randomly selected and number of lesions per leaf of each variety was counted. Disease severity was recorded using a score chart consisting of five (0, I, II, III, IV) different grades of infection was prepared on the basis of percentage leaf infection (Nayak & Padmnabhan, 1970) . The leaf with no sign of infection received a score of 0 while those with highest infection i.e. with the 76 per cent or above leaf blighted received a score of IV. Similarly leaf with 1-25, 26-50 and 51-75 per cent area covered with spots received a score of I, II, and III, respectively. The disease severity of individual plant was calculated by the following formula. 
Phenol Estimation
The accumulation of phenols in different rice varieties was estimated following Bray and Thrope (1954) procedure. In this method, the total phenol estimation was carried out with Folin Ciocaltu Reagent (FCR) which was measured at 650 nm calorimetrically.
Exactly, 1gm of leaf sample of different rice varieties was ground in pestle and mortar sequently by adding in 10 times volume of 80% ethanol. It was then centrifuged to homogenate the suspensions at 10,000 rpm for 20 minutes. Supernatant was separated and the residue was re-extracted five times volume with of 80% ethanol. Again it was centrifuged and the supernatants were pooled. The supernatant was evaporated near to dryness and residue was dissolved in 5ml of distilled water. Different aliquots 0.2, 0.4, and 0.6, 1.0 and 1.5ml were pipette out into test tubes and the volume in each tube was make up to 3 ml with distilled water. Subsequently, 0.5ml of Folin Ciocaltu Reagent was added and after 3 minutes, 2 ml of 20% Na 2 CO 3 solution in each tube was thoroughly mixed. The tubes were placed in boiling water for one minute and then cooled. Then absorbance of different concentrations at 650nm against a reagent blank was measured using UltraViolet Visible (UV -VIS) Spectrophotometer and the standard curve using different concentration on catechol was prepared. From the standard curve the concentration of phenol in the test sample was determined and expressed as mg phenols per gm. of fresh sample material.
Estimation of Total Soluble Protein

Protein Extraction
Rice leaves from different genotypes were harvested at vegetative stage, panicle formation stage and milk dough stage and washed with distilled water several times and blotter dried before protein extraction. A quantity of 1 gm of each leaf sample was cut into small pieces and grinded in pestle and mortar as 1: 5 ratio of leaves: extraction buffer. The extract was then centrifuged at 12000 rpm for 30 minutes at 4 °C. The supernatant was collected and used for quantification and profiling of protein.
Quantification of Protein
The method developed by Lowry et al. (1951) was used with slight modification for quantification of the total soluble protein content. The working standard solution was pipette out 0.2, 0.4, 0.6 and 1.0 ml and was put into series of test tubes. A quantity of 0.2, 0.4, 0.6 and 1.0 ml of the sample extract was also pipette out and kept into another series of test tube. Then volume in all the tubes was made up to 1ml with distilled water. Two tubes with 1ml of water each was served as the blank. Later on, 5ml of solution C was mixed well and incubated at room temperature for 10 min. Thereafter, 0.5 ml of FCR was mixed well immediately and incubated at room temperature in dark for 30 minute .The absorbance at 660 nm against the blank was read and standard graph was drawn to calculate the amount of protein in sample. The concentration of soluble protein was expressed as mg per gm. of fresh leaf material.
Protein Profiling
Profiling of soluble proteins was also done in different rice genotypes. Analysis of total soluble proteins through Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis was carried out for the study of variable response of resistance to brown leaf spot. SDS PAGE was done to get soluble protein pattern. Soluble protein was electrophorised by 12 per cent SDS polyacrylamide gel, based on the method of Laemmli (1970) .
Gel preparation
In order to prepare stacking and resolving gel, the following quantities of different chemicals are used Vol. 4, No. 2; 2015 All the chemicals were mixed well and poured into vertical cassette leaving behind 3-4 cm from upper side. Subsequently, stacking gel solution was poured over the resolving gel. A comb was inserted into the gel mould to create wells for sample loading.
Sample loading
Take 75 ml of extracted soluble protein in an Eppendoff and mixed with 25 µl of sample buffer and 5 µl of tracking dye (Bromo phenol blue). Before loading the sample, it was boiled for 1 minute at 1000 °C to activate the protein molecules. Exactly 20 µl of sample was poured in each well. Then electrophoresis was carried out in Tris-glycine buffer at 30 mA current in stacking gel and 40 mA in separating gel. The electrophoresis was stopped after the tracking dye reached the bottom of the gel. The gel was then separated gently from the electrophoresis unit and placed in staining solution. After destaining, gel was illuminated with diffused fluorescent light and photographed.
Correlation Coefficient and Regression Equation
The biochemical analysis of rice leaves under different growth stages and disease severity of the corresponding value under the experiment was done to determine the level of correlation coefficients (r) between soluble protein and disease severity as well as between total phenol and disease severity. Simple regression equations (Y = a + bx) were also developed for both the variables (Protein and Phenol) separately to understand their relation with disease severity.
Results
Severity of Brown Leaf Spot on Different Rice Genotypes
The resistance could be assumed to be one factor for the reduction of disease severity. Severity of disease was recorded in the field trial under natural condition. It has observed that all the genotypes give variable reaction on disease severity even though at different stages of plant growth of the same variety ( 
Correlation of Disease Severity With Soluble Protein Content
The correlation between disease severity and soluble protein content at different stage of rice genotypes revealed that there was a negative correlation showing ( From the above two parameters, it is clear that among the three different stages of plant growth, the minimum co-relation value was found at vegetative stage, followed by panicle and milk dough stage, representing disease severity is decreases with increase of plant age.
Discussion
The resistance could be assumed to be one factor for the reduction of disease severity. All selected genotypes of rice showed different reaction to the brown spot. Disease reaction is one of the key factors to differentiate a variety from other. The data presented in Table-1 showed that all the genotypes give variable reaction on disease severity in three different stages of plant growth. The maximum disease severity with the value of 20.16, 30.31 and 38.71% was observed at vegetative stage, panicle initiation and milk dough stage, respectively. Mishra et al. (2011) reported that disease severity of Alternaria blight of wheat gradually increases from flower to dough and hard dough stage. Sahu and Biswas (2010) also found that the morphological, pathogenic and biochemical variations among popular varieties of wheat. Association of protein with plant defense against fungi and bacteria was earlier reported by several workers in graminaceous hosts, such as wheat (Sock et al., 1990; Biswas et al., 2003) , rice (Kumawat et al., 2008; Biswas et al., 2010) oat (Fink et al., 1988) , maize (Nasser et al., 1990) and barley (Hoj et al., 1989) , Rajik and Biswas (2012) in tomato.
Accumulation of phenols is considered the expression of defence response in plants was reported by several workers (Matern & Kneusal, 1988 , Kumar & Biswas, 2010 , Arzoo et al., 2012 . Matern and Kneusal (1988) suggested that the first stage of the defense mechanism involves a rapid accumulation of phenols at the infection site which restrict or slower the growth of the pathogen. Nicholson and Hammerschmidt (1962) reported that the involvement of phenol in expression of disease resistances occurs in many ways like hypersensitive cell death or lignification of cell walls. Vidhyasekaran (1974) observed that Ragi (Eleusine caracana) resistant to Helminthoshorium tetramera contained more phenols than susceptible leaves. In the present study, total phenol content in twelve rice genotypes at vegetative stage, panicle formation and milk dough stage was also found inversely proportionate with increasing disease severity.
Protein is another important compound involved in the expression of disease resistances. During the course of present study, level of soluble proteins were also accumulated and enhanced in different rice genotypes. The protein profiling by SDS-PAGE revealed the qualitative and quantitative differences on comparing the pattern of soluble proteins among rice genotypes. Successful electrophoresis profiles of total soluble proteins or a specific fraction for varietal identification and plant defense mechanism in crop plants was also done by several workers such as in wheat (Shewrey et al., 1978; Cooke, 1989; Cooke, 1993) , in rice (Guo et al., 1986) , in tomato . Chen and Chang (1986) recommended SDS-PAGE as a useful technique for grouping of rice varieties. Mishra et al. (2011) also reported that the correlation co-efficient between disease severity and soluble protein and total phenol content at different stages of wheat varieties revealed that there was negative correlation. The negative correlation co-efficient between disease severity and soluble protein and total phenol content have also been reported by several workers in different crops against different diseases such as in tomato against Fusarium wilt (Rajik et al., 2012; , in wheat against spot blotch (Biswas et al., 2003; Singh, 2010) , in rice against brown leaf spot (Kumawat et al., 2008; Biswas et al., 2010) It may be concluded from the present finding that among the three different stages of plant growth, the minimum co-relation value was found at vegetative stage, followed by panicle and milk dough stage, representing disease severity is decreases with increase of plant age.
